Material and Methods
Tumor material collected at the Chicago Zoological Park (CZP) from 1950 to 1965 inclusive was studied. Four animals with myelolipomas occurred among 3,451 animals necropsied. Two cheetahs from the National Zoological Park, necropsied by the authors from the Armed Forces Institute of Pathology (AFIP) in 1966, had myelolipomas. The one case from the Colorado Springs Zoological Park were referred to the AFIP in 1964.
This report is based on 4 male and 2 female cheetahs (Acinonyxjubatcu) (CZP 48-52,9457, and 172-64; AFIP Acc. 1164573, 1204459, and 1230849) and 1 male Siberian tiger (Fe/is tigris long@i/is) (CZP 28-61) with multiple myelolipomas in the liver.
The histories of the Felidae were very similar and are as follows. 'The animaIs were purchased and brought to the zoological parks when young adults (1-2 years of age). The diet consisted of ground heart, liver, and horse meat plus % teaspoon of cod liver oil per day per animal. The cheetahs were given an intact dead rabbit once or twice a week. Each animal had been vaccinated twice with infectious feline enteritis vaccine.
In an effort to determine the prevalence of the lesion among captive wild Felidae, the tissues and reports from an additional 39 adult captive wild Felidae were obtained from other zoological parks in the United States and Europe and were studied for evidence of myelolipomas. Among the total collections of 63 adult captive wild Felidae (24 from the Chicago Zoological Park and 39 from various other zoological parks), whose tissues and necropsy reports were available, there were 12 lions (Felis leo), 10 leopards ( F e h pardus), 9 pumas (Felis concolor), 9 cheetahs (Acinonyx jubatw), 12 with no evidence of myelolipoma. As the species of animals in each of the above orders were so varied, it would be impractical to list them. The tissues were fixed in neutral formalin and processed by the routine paraffin technique. Histological preparations were made and stained with hematoxylin and eosin. When indicated, preparations were stained for reticulum with Wilder's technique and selected preparations were stained with Giemsa.
Case Histories and Necropsy Findings
Clinical data: Signs of illness were not observed until the terminal stage when the following appeared : diarrhea, ascites, debility, wasting, jaundice, incoordination, and convulsions. The animals died 4 to 14 years after admission to the zoological park.
Necropqjndings: The lesions in the h e r were soft, friable, circumscribed, light greenish-yellow to dark red, round, elevated nodules ( Fig. 1 ). On section they had either a fatty or a hemorrhagic appearance. The lesions were multiple (3 to 12 nodules), varied in diameter from 1 to 12 cm, and were found throughout the liver, although frequently they bordered the capsule (Fig. 2 ). One cheetah (AFIP Acc. 1204459) also had several lipomas 1-2cm in diameter and a hepatoma 3 cm in diameter in the liver.
Other necropsy findings consisted of enteritis, interstitial nephritis, cholangitis, fatty change in the liver, multiple subcapsular fat deposits and lymphoid hyperplasia in the spleen, exostoses, and arthritis. Salmonella gpbimtlritlm was isolated from the liver of one cheetah (CZP 172-64). No relationship could be established between the myelolipomas and the cause of death or terminal signs.
Microscopic findings: The myelolipomas were well-demarcated. Some had a fine fibrous capsule which separated the tumor nodules from the liver whereas others were not encapsulated ( Fig. 3) . The hepatic cells were atrophied due to compression by the space-occupying lesion. The tumors were composed of myeloid and mature adipose tissues. The ratio of myeloid to adipose tissue differed from one nodule to another in the same liver and in the different animals. Myelocytes, metamyelocytes, eosinophils, neutrophils, normoblasts, and megakaryocytes occurred (Fig. 4) . Numerous blood-filled sinusoids and fine reticulum fibers were seen within the myelolipomas. Other findings in the liver were diffuse fatty change, cholangitis, focal extramedullary hematopoiesis, retention of bile, portal fibrosis, lipomas, and a hepatoma. The spleen had subcapsular myelolipomatous tissue and lymphoid and reticulo-endothelial cell hyperplasia. The myelolipomatous lesions which were found in the spleen of 4 animals were ill-defined and were composed of more adipose than myeloid tissue. The animals also had interstitial nephritis, nephrocalcinosis, and glomerulosclerosis.
The only lesion comparable to the myelolipoma in a species of animal other than the Felidae was a subcapsular focus of myelolipomatous tissue in the spleen of one old grizzly bear (Urstls borribilis)
Discussion
The seven Felidae with multiple myelolipomas in the liver were the only cases noted in the 109 captive wild Felidae studied. Three of (CZP 108-65). the 9 cheetahs from the Chicago Zoological Park and 3 of the 6 cheetahs in the collections of the AFIP had myelolipomas. One Siberian tiger had a myelolipoma in the liver and many of the Felidae without myelolipomas had foci of hematopoiesis in the liver. Heretofore myelolipomas in the liver have not been reported in man or animal. Lipomas in the liver of man, though extremely rare, have been the subject of a few authentic reports14 and a few hepatic lipomas have also been noted in domestic animals89 10. Myelolipomas in man have been reported on numerous occasions in the adrenal61 9, intrathoracicallyj.11, retroperitoneally314, and in the mesenteryz. The human adrenal myelolipoma resembles the presently described hepatic myelolipomas in the Felidae more than those in other sites, in that both occur within organs which are normally devoid of adipose cells and seldom are the site of primary fatty tumorsg. The intrathoracic and retroperitoneal myelolipomas occur at sites containing adipose cells. The majority of the intrathoracic and retroperitoneal myelolipomas reported in the literature occurred in patients with primary or secondary anemia and therefore are considered secondary or compensatory lesions. In a review of 50 cases of adrenal myelolipoma from the AFIP, P L A V T~ found no correlation between the lesions and disturbances of the hematopoietic apparatus. He considered that diseases accompanying myelolipomas were too varied to be significant with the exception of endocrine disturbances. Severe endocrine disturbances were noted in a number of these patients and thus he proposed that the adrenal, so hormonally altered, may be more prone to form myelo-adipose structures. PLAUT'S~ theory may be supported in part by the experimental work of SELYE and STONE^^ in which the latter induced transformation of adrenal cortical cells into fat cells with methyl testosterone, myeloid cells with a crude anterior pituitary extract, and a combination of these cell types through prolonged administration of both hormonal preparations. SELYE and STONE also noted hemopoietic foci within the brown fat, spleen, and liver of rats treated with a combination of crude pituitary extract and methyl testosterone.
Among the theories on the etiology and pathogenesis of myelolipomas are the following: origin in cell nest& 79 11, transformation of mesenchymal cells1Zl 13, extensions of marrow cells through vertebrae7, marrow transfer to extramedullary sites via vascular channels61 13, or derivation from proliferation of reticulo-endothelial cells of blood sinusesl. The precursor cell of the myelolipoma, regardless of its origin, probably requires one stimulus or more, such as chronic anemia or hormonal imbalance, to undergo hyperplasia or metaplasia.
In the myelolipomas of the Felidae, anemia could not be ruled out, for it was almost impossible to obtain a satisfactory blood sample. The necropsy findings did not support the presence of severe anemia nor did microscopic sections of sternal and femoral marrow of 2 cheetahs provide evidence of a blood dyscrasia. The frequency of extramedullary hematopoiesis in the livers of the Felidae may suggest that many were suffering from anemia.
In the human cases of adrenal myelolipoma, maturity was apparently an essential determinant, for the lesions were not seen in sexually immature individuals. The youngest patient in PLAUT'S~ series of 50 was 17 years of age, the oldest 93. The lesions occurred most frequently in middle life and had no sexual predilection. All the captive wild Felidae with myelolipomas were sexually mature, the youngest one, 4 years of age and the oldest, 14.
The gross and microscopic descriptions of human myelolipomas of the adrenal closely resembled those of the Felidae with few exceptions. Adrenal lesions were usually small and solitary, although in some instances they were large and bilateral. P L A L T~ noted the absence of reticulum and sinusoids which he used to assist in differentiating the lesion from bone marrow, but we observed both reticulum and sinusoids within the myelolipomas. In this connection GIFFEN~ also noted sinusoids in the human adrenal lesions which he studied.
As emphasized by PLAUT~, bone marrow (adipose tissue and myeloid elements) and bone must be differentiated from myelolipoma. The former occurs after hemorrhage and necrotizing or chronic inflammatory processes. In the lesions described by us, no bone or mineralized tissue was observed.
There is considerable doubt concerning the neoplastic nature of the lesion for it is very probable that a myelolipoma is a metaplasia rather than a neoplasia.
AIyelolipomas of the liver were reported in 7 captive wild Felidae, 4 of which also had microscopic myelolipomatous lesions in the spleen. Out of approximately 25,000 animals examined, these were the only myelolipomas of the liver to be found. Previously unreported in either man or animals, myelolipomas of the liver are comparable to those in the human adrenal.
Zusammenfassung
Es wird iiber Myelolipome der Leber bei 7 gefangenen wilden Felidne berichtet, von denen 4 ausserdem mikroskopisch erkennbar gleiche Veranderungen in der Milz aufwiesen. Von annahernd 25 000 untersuchten Tieren waren diese die einzigen mit Myelolipomen in der Leber. Weder bei Menschen noch bei Tieren wurde friiher daruber berichtet, dass Myelolipome der Leber mit Myelolipomen der menschlichen Nebenniere vergleichbar sind.
